The pure product of 2,3-diaminophenazine was prepared by the enzyme-catalyzed reaction of ophenylenediamine-H 2 O 2 -horseradish peroxidase and characterized by UV/Vis spectroscopy, IR spectroscopy and NMR spectroscopy. The electrochemical behaviour of 2,3-diaminophenazine on the glassy carbon electrode was studied. The interaction between 2,3-diaminophenazine and deoxyribonucleic acid was studied by cyclic voltammetry method and UV/Vis spectroscopy, which indicated that the interaction between them is intercalation. The influence of reacting time was also studied. The binding ratio of the 2,3-diaminophenazine-DNA complex is calculated to be 1 : 2 and the binding constant is to be 5.07 × 10 3 L·mol −1 at room temperature.
Introduction
Deoxyribonucleic acid (DNA) is the most important germ plasm of most organisms. It plays an important role in the process of storing, copying and transmitting germ messages. There are many articles on the interaction between small molecules and DNA since 1960s. Gradually the research has become a field of general interest. 1 This research is helpful to understand the way of the interaction between DNA and protein. What is more, this is very importent to expound the action mechanism of anticancer drugs, the external selection of drugs and carcinogenesis of the carcinogenic compound. As a poisonous substance, o-phenylenediamine (OPD) is irritant to skin, which is considered as the hemolytic action of intermediary metabolism and the formation of methemoglobin. 2 Different products of the reaction of H 2 O 2 oxidizing OPD have been reported in literature. The earliest results were reported by Griess 3 and Knoevnagel 4 respectively. According to their results, the product was 2,3-diaminophenazine (DAP). Later, Gallati and Brodbeck 5 reported that the product of the reaction of H 2 O 2 oxidizing OPD catalyzed by horseradish peroxidase (HRP) was 2,2-diamino azobenzene. Peter 6 reported that 2,3-diaminophenazine was the product of the reaction of H 2 O 2 oxidizing OPD, whether catalyzed by HRP or not.
In this article, we prepared the pure product of the reaction of H 2 O 2 oxidizing OPD catalyzed by HRP. From the experimental results, the oxidation product is 2,3-diaminophenazine. In addition, the interaction between 2,3-diaminophenazine with DNA was studied with spectroscopic and electrochemical methods. It is of great importance to investigate the toxicity mechanism of OPD. 
Experimental

Results and Discussion
The spectroscopic characterization of DAP. There are two absorption peaks in the UV/Vis spectrophotometer of DAP in methanol solution. The wavelengths are at 258.0 and 416.0 nm, respectively. The peak at 258.0 nm is caused by π → π * electron transition of benzene ring. The peak at 416.0 nm is electron transition, indicating that there are n → π * electron-offering groups. There are two absorption peaks in the UV/Vis spectrophotometer of phenazine in methanol. The wavelengths are at 248.0 and 363.0 nm, respectively, which are caused by π → π * electron transition. Two aminos at 2,3 position of phenazine, the N atoms of which have unbonded electron pairs, are introduced in 2,3-diaminophenazine and therefore n → π * electron transition can be formed. Also due to the introduction of aminos, the original two peaks shift to red. The peak at 363 nm shifts to the visible region and overlaps with the peak of n → π * , and so broad peak in spectrum is obtained. The peak at 248 nm shifts to 258 nm. The IR absorption bands of the product are identified as follows: Three middle-strong absorption bands at 3435.7, 3308.3 and 3138.0 cm Under the selected conditions, the influence of pH to the peak potential of DAP was studied. Both of the potentials of the oxidization peak and the reduction peak shift negatively with the augment of pH, which indicates that H + participates in the electrode reaction. The reduction peak potential has a good linear relation with the pH value in the range of 6.8-7.4, and the slope is -0.0611. According to the formula 7 : -0.059 x/n = -0.0611, where n is the number of the electron transfer, x is the hydrogen ion number participating the reaction, and x = n. From the experimental results, the redox processes of DAP can be expressed as follows.
The influence of the scan rate to the peak current of DAP: The relationship curve of I pc and ν 1/2 was shown in Figure 2 . According to the results, the I pc was linear to ν 1/2 , which indicated that the electrode process of DAP was controlled by the linear diffusion of DAP to the electrode surface.
The electrochemical studies of the interaction between DAP and DNA.
The influence of the reacting time to the peak current of DAP: The variation of the reduction peak current of the mixture solution of DAP and DNA with the reacting time was shown in Figure 3 . The peak current decreases with the reacting time and reaches a constant value after about 15 min, which indicates that the equilibrium of the interaction between DAP and DNA.
The influence of the concentration of DNA to the peak current of DAP: The cyclic voltammetric curves of DAP solution with different concentration of DNA were showed in Figure 4 . The peak current decreased with the increasing of DNA concentration. And there were not other oxidationreduction peaks with the presence of DNA. So nonelectroactive complex was formed between DAP and DNA. There are mainly three non-covalent action modes between small molecule and DNA as followed, intercalation, groove binding and electrostatic action. According to the structure of DAP, DAP intercalates into the two strands of DNA, and the action mode between DAP and DNA is intercalation.
The binding ratio and the binding constant of the DAP-DNA complex: According to the reference, 8 it is assumed that there is only one complex of DNA-n DAP.
DNA + n DAP
DNA-nDAP (n = 1, 2, 3, …or 1, 1/2, 1/3, …)
The equilibrium constant can be expressed as follow, (1) And the following equations can be deduced,
[DNA] + [DNA-nDAP] = C DNA (4)
With different n, there are different relationship curves of ∆I −1 and [DAP]
−n . According to equation (7), the relationship curve of ∆I −1 and [DAP] −n should be a straight line with the suitable n, if there is only one complex formed. From the , which was corresponding to the equation of DAP+2DNA DAP-2DNA. The UV/Vis spectroscopic studies of the interaction between DAP and DNA. The UV/Vis spectra of DAP was shown in Figure 7 . The absorbance of the mixture of DAP and DNA is not equal to the sum of the absorbance of DAP and DNA, respectively. Which indicates that DAP could interacted with DNA when mixed together at room temperature. Figure 8 shows the variation of the visible spectra of DAP solution when added different quantity of DNA. With the increasing of the concentration of DNA, the phenomena of red shift and hypochromic effect of the absorption peak of DAP were observed. What is more, there is an equal absorption point at about 440 nm. According to the reference, 9 the action mode between DAP and DNA is intercalation. The obvious variation of the UV/Vis spectra is caused by the influence of the nearby base pairs of DNA to the electron cloud on the phenazine ring. ; (4) 3.336 × 10 −3 mol·L −1 .
